I

Dental Medicine Research 30(2) : 117-123, 2010

-

=

117

PR A B 2 B L 7235 28 PRI IC B 1) 5 Na*/Ca® sl ff

DIEP L F-7 7 F VRO AT 5058

YO B, sk T, GRS OESR, IIH HEW]

B E AR BB BE A MERE T A 120X, AR A BRI (X A=AV AL R) PEETHD.
F oM Ca®t ¥ 7 F VIS HIARBE IS HD ¥ 7 F VR TH 5. ARIFERTIX, 3 RICHY Z ARG HI 3 %
B LRI C BT, A4 Y P T v AK—F —TH 5 1 B Na*/Ca® itk (NCX1) O%BlE,
ARy T4 TINEL Ca¥t AT AMBIEE (SA) F v 2V OMIEEEE{E~DOE 512w T
Wit U7z, g 3riakeiiiadk (MC3T3-Elcel) %, FA QY Ay Y2 THFLZTT—4 07 Vb ZikH
L (6x10°cells/ml), 10%FBS &H oMEM ¥:#112 T 24 Wil O 2 1T o 72, 0, MW E 3 H
AR L7z, HBEIIX10%, Wi EIZ 1 Hz, 15400, 1 H 3 & L7z, NCX1 mRNA ©3EH
(3 RT-PCR #: TAT L7z, MBI RE I L L — I —BAMSTIC L VIR L7z, 72, SAF X AV oflE
THEHTFY) =75 (GE) 10uM ZREFR AP ISR LAMIRIEIC X 5 SA T v A ViHH L~ D EE %
FH_72. NCX1 ® mRNA JsHUGIEMBERE & b U CTB R B W T L T/, MUREE ORI
ZEL, MEHFICE L—ENI (M) KR LTwe. 2, 72 F v ilifton—y3Iv7raq4 Yy
YA GIZIET IR VEOGIRIZE Z R LT W, IS ORMTIEEES X OIS D2 bid GE RN X )
Pl s Nz REBROREEN S, B3I TIIBEMATIEIC X ) NCX1 2403 % Ca®* Ot Y AFERE 2315 1
fLENBTE, SHICSAF Y AMIGHALICE Y -7 7 F > OREZL 25 SR L, MlEELZLsw

5 Z EAURR I N,

TRV EBLRBERE 2 HERE T 5120, Bk~ Ze B
WM RAA=ZANVAPNLVR) PEETHLHEEZLNLTY
5. BWARIEO Y 7 v idE s oMBE LT,
VTP NGTORERTHEELE AL SELLEEZLNT
BY, ZOWRME AT 272 5E SN Tw 5.

BUE & TR RIS A RIS G- 2 BB 2 fila L
NV THRET 5 72002 in vitro 1I2BWTIE, HEREIC
S LTHMZE G2 5% LT, QLT AT 4 7 EOME
2 (BE, FROEBR)Y, @iAKEDOHRN (shear
stress)??, Q@REWRBEEZ AWM Y, OBHIHIRBOH
WY, OEHI L —— DG 2 & O EER I S
NTW5s, LALAR2S, EiddERRIT RIS
xF L CHMRRIIN A 5- 2 % 2 RG22 TH Y, Hik L
7oA HIRRRE & ORICTREESAE LT B2 eNEZLN
b, FIT, Al FA 0 Ay YAk TRk L2
F—r VNI R A AL, ARSIV
B CHEM IR 2 N2 27NV & LT, SRR
FrmkeE (DT, MERE) 2L, 3R aER
M OREZRALD, ZoMBEEZHCCTERLH
7 v b HOR I SRR 7 B o iRl %
Iz 72455, Mila%k, DNA &R, ALP Y% &K

BEGE R 725 LA TGRSR 3 ASB 5- L T v %
ARG LY. HERERTHMARE ShTWws
BEBEHRFIZIE, FAFFANVY Y, cfos®?, Typel 2
g — 4 9 BMP4?, cAMPY, PGE,"'V, COX=2%'?,
AN hAF v (Ca¥) F v A VIGHEALY, Hilst s
V¥ F—¥THSHERK OV Y H{L?, RhoA™
% &3 ) WA UARRE R JUHET A D D% .

LR L 72EWF D% TYH, CaFF v 2V Lic bk
I ML Ca®t ¥ 7 F WMAzE RIS R sE 2 AT 5% L
THEELRZREHEZREL TS, MBA Cat v 7+ Vi,
— R A AE T B Ca¥t F v AV (EAAKLEME,
SZHERIGTEAL R &) /MRS T 5 Ca¥ Uil v
AV (AP ZHAK, VT 7V UZHRLRE) 12Xk )E &
I Eh, Ml X OVNeko Ca®t b T v AKR—5 —
(Ca** R v 7, Na"/Ca¥* etk &) 12X D AT 5.
INBEDCa F ¥ ANV D AT, HMIKAHEM 2 % 5
7B, MIBATERICER T 280 1oL LTf
JEIETEIL S 5 W IZ B2 (stretch activated: SA) F ¥
ANEENEAF Y F ¥ ANDEHEN TS, 20
4 & v F v ROV R C A U 2 BRI 12 BB A3
HMENTEBY, hFFrFran& LTCHRARZT ¥

HEATR 2B 2 B g R S B P . (TR AT - I ] )

(2010 4E 1 H 22 H3AV 5 2010 4F 4 A 14 HZHD)
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FNTHDHI ERDPoTVnBREY  —J  F 1A
A4 v (Na*) & Ca** % ¥k 3 2 Mg A 4 ~ b
T VAR—=F —Tdh b Na*/Ca®" ZHefk (NCX) 25515
NTwa. Na*k Ca* oz, BB & MM D
Na' AR OEILIC X Y, Ca¥ #E, Ca® it A D
FIaPE M < . WL 3 M O NCX 84 T DAETE
AHE SN TWS, 1TEINCX (NCXD) 1O, A, B,
M3 7% &Mk 4 e ICFB L Twb. NCX2, NCX3 i
FATH, BREBICHEBILTWAY, B3I D NCX1
BLUONCX3IAHEBLTWEY., NCX EHaAN Cat* ¥
TV OBRICEH L7AFZE T, (IR < i i
B2 M & o 7 FERL I 2 AR (IR R) %<2
T A MilEE WSS IS hTws. L
L RIBERI 22 B3 % 520 T B B RIS BT 5 [
Ca®* ¥ 7 FIVOIRHI2IE E 124 %,

Lrlnl, AT E MM (MC3T3E-D) %MW,
BEME ORI & > T &R 2 S A MK Ca®t v
7 FIEEREIC BT SRR E IOV, 44
NS UAR=Z —ThHbHNCXIDFHE, xH /)L
T4 TIRE L, MEREII LT A SAF X RV
DGR AR EBRa1T- 7.

mHREFTE

1. AS—=FCFIERV 3 RTHEEX

A i 2RI A g vk MC3T3-E1 (No.RCB1126,
WECell 78> 27) Z4#iH L7z, Collagen ¥ifi|d Sakai 57
FEEIZH#E T, 0.3% Cellmatrix Type A (Nitta Gelatin Co.,
Osaka), 5 5% aMEM (Wako Ltd., Osaka), 100 U/ml
~X=¥ 1 ¥ G (Meiji Seika Co., Tokyo), 100ug A + L 7
M~ A4 ¥ (Meiji Seika Co.), 2 f5 MR (0.05 N
KEEALF MY 7 AR, ERERS MY AW, 20mM
HEPES) T##L7:. Z0aJ—47 v Uiz
REL, mEHBIEEIX 6x10°cells/ml & LT, 41
YAV YA AM) vy T A (66mmx14mm) (ZHEREL 7.
37C, 5% CO; 4 ~ F 2 X— % — (Forma Co., USA) T
20 73 VALTR, PR S AR REIEIZHEE L2 10%
FBS (SAFC Biosciences, Inc., Lenexa, KS, USA) B X O
100U/ml =39 G, 100ug ANV T A T V&R
aMEM HC 24 IR T RTREFE 7%, BRMI MR 2 B L 72,

2. BRWAEYRE IR

BB TR 2 T3 5 720, MUIFFR=E TR L
7R e (R ) RAE MR type 2) % v 727 (Fig.
1B LU 2). BAMMRIE SRR (10%), fEH
B (A Hz), MK 54/, 1 H3m) &Lz 37—
UV B R (stretched) 9 % #E % 928 ¥ (Str.
BE) L L7z FRmoBBICL 5 EREEHETS
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Fig.1 Appearance of the force-generating apparatus.
A waterproof motor (@) and cam (®),
connected with the motor via a belt (@),
are fixed on a base (D). A movable holder
((®), on which a removable unit ((®)) can be
attached, is driven back and forth by the cam
shaft.

Fig.2 Schematic diagram of the unit (Fig. 1 ).

In the stretched group (A) , one of the two
stainless-steel wires ((6)), is attached to a hook
() on a movable frame (2) and the other is
attached to a hook (@) on a fixed frame (3).
In the shaken group (B), both of the stainless-
steel wires are attached to hook (®) on the
movable frame (2) at a constant distance (14
mm) from each other.

e, 37— VR KFERE) (shaken) 2€ 5L
L7-Sha #E& e L7 (Fig. 2). xfH#EE LT, R
T2 BT s =4 Y ILOERE (stationary)
ATo M (Sta. BF) ZRE L, 5t 3 BECHEBAEIT- 72,
PR o> BRI R R A 5 3 HE 213 5 HiH &
L7z. 72, Sha. #ix NCX1 mRNA FHFEE D & Tik
L7z

3. RT-PCR %

a5—=7rrVEREHE, 02% 355 F—BICX DB
FWH (37T, 2057H) EAT- 7z FRIL 7ML %
AT, LFOJEIC L ) NCX1 mRNA O %31 % [F &
L 72. total RNA % RNeasy mini kit (QIAGEN, Hilden,
Germany) %z i\ CTHil L7z, ¢cDNA i total RNA(10 ug)
7 & 3 iz B % 3% SuperScript (Gibco BRL, Grand Island,
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NY, USA) & random primer (Invitrogen, Carlsbad, CA,
USA) #HHWTER L. ZODNAZFHRE LT,
AmpliTaq DNA Polymerase (Roche Molecular Systems
Inc., Alameda, CA, USA) ZH\W T, 30 %1 7V (94T -
60 # [, 60C - 120 B[, 72T - 180 B i) D&M FIc
THIZTFWIRZ T 72.

NCX1 Primer?”
sense:1981-2001;5-AATGAGCTTGGTGGTGGCTTCACA-3'
antisense:2827-2844;5-CCGCCGATACAGCAGCC-3'

BONZPCREWIZZF VYA T70v A FEH 1.5%
A= AT IVICCTERK 2T, FF ATV
— 7 — TR LB R 21T - 7.

4. HRPERE (ERFHNER)

AN TATIINET HSATF v ANV DRE
ERATALD, HEAITHLT ) =7 A (GEY)
10uM ZZHEZHM L7z, PR G3 HEICa 7 —
FUrVERERILL, 2% 87 RV AT VT FREE.
0.1% N F 4 k> X100 T 10 5 FIARLEL L 722, 0.3 uM 0 —
FIvrraL I rvERWCT 7 F v gEEiEL, A
B EE (Axiophot : Zewiss, Germany) 2 C 4% B %
BEEIZE L7, SoICHEN L — Y —BMEE (MRC500 :
Bio-Rad) 2 Tlhitet (488/568 nm), i GiRE (522 =+
125nm), 2um MR CTHIEHGE L, 156 7-mRi,
3RICHEE Y 7 b (VoxBlast, Vaytek Inc., Fairfield, IA,
USA) #fEHH LT, K)a2—2L %) U 73:ickh
30 M E A ST 3R TTMIG & B 5L U AR S i % &
ERC L 72

& R

1. NCX1 mRNA D%

RT-PCRFEIC LY, Ml Ca? i Z T2 4 4
YFNF U AR=%—TH 5 NCX1 ® mRNA % B L
7o, WIEEECTH HERERAE (Sta) #ETIX, ¥ 3HH
I NCX1 mRNA OFHIEED N0 o 7228, g
e (Str.) #E&AKFRE) (Sha) BETIX, ¥ 3 HH
12 NCX1 mRNA OFH ML E sz, F72, Str.#ED
ASHMORE#ZRAAZLEZ A, BE®IHHLFEAKED
mRNA 5@l sz (Fig 3).

2. HMERIEICES SAF+ RIVOFE (LHEERX

BAMMERIR)

PR 3 HEoEFMEE W, u—¥3Ir7y
04 Tk B 77 F Mot X B M
BB AT 7. MERM A 5 L2 > 7 Sta. BT
1, MR 3 KITIECHNCBANIE A S N h o7z, —
T3, ARRHE 2 A5 U 72 Str. B o MUK A8 R 7 100k
L, (ZITEMAIC 3WCis 2R L7z, Z oA
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Group Sta. Sha. Str. Str.
Days in culture 3 3 3 5

Fig.3 The effect of the mechanical stimulation (1 Hz
for 15 min, three times a day) on the Na*/Ca®*
exchanger (NCX1) mRNA expression level was
assessed using standard RT-PCR in osteoblastic
cells (MC3T3E cells). The cells were embedded
in the collagen gel supported by the nylon mesh,
and cultured for three or five days with or without
mechanical stimulation. NCX1 mRNA expression
was clearly stimulated in the stretched group
(Str.) and shaken group (Sha.) but not in the
stationary group (Sta.). GAPDH served as an
endogenous control.

Wiy o 72 TR R IS R W iSERLIC Bl S iz, &
51, Str. TR F-7 7 F Y OHGHAICBIE S h/.
COF-77FyOETELENL —F—BHmMEILD
BIERL-L 2 A, MRBOBELLD, F-T77F/I2&o
THFRHENTVWE Z ERREEIN Rl X5 e
IS X Ao IEREZAL, BHI Z2MoRy B & o
F-7 7 F v O Wz 86 L Z 047 d Sta. B Tla A
biverolz.

SA F ¥ A Vi Ca*" # RIS AT ST ¥ 2V TH
5. SAF XY ANVHERTH D G O EEF DR
T Str. BEZ BT 2 MERII O 58 % 524 (23 L 72,
—7, Sta. BEN G RN L 722 212 X 2 Ml R
B, F-7 7 F v ~OBIiBlg s Nt -7: (Fig 4 B
XU5).

Z =

NCX 1Z 3> Na* & 1o Ca®* & ik LT b
WA > SV AR—F —ThH b, Z 0%k,
W, W Z A3 % Nat OEEARIZHE > T Nat it
M, Ca? T ~R AL THREZHS T2
M A(74+T7—FE-F), WENTREZRLT T3
WA 25 Ca AT 2 MlnHE AR 5 () /3 —
AE— F)V. 4 A, Sta B & g L T Str. T NCX1
mRNA 2858 { 8L Tz (Fig 3). REBOMIES
PERIEE oMM L ) KERMETHL ETh
i, AR NCX1 AT 28 & & 138 oMBBN~ Ca?*
FRATHIN=ZAE— FIllho TWA IR EET
Ewv. LALads, SuEEEETCTRELZE
F R OB M TR DNA o8, ALP
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A Sta.

C Sta. + Gd3+
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B str.

ST >

D str. + Gd3*

-——N

Fig.4 Osteoblastic cells (MC3T3E-1 cell) embedded in collagen gel matrix were photographed using a conventional
fluorescence microscope after three days of culturing. Actin structure was visualized by staining with
rhodamine-phalloidin. The cells were cultured with (B and D) or without (A and C) mechanical stimulation
(1 Hz for 15 min, three times a day). The effects of 10 uM gadolinium (Gd**) administration were shown
in the panels of C and D. In the Str. group, cells were long and slender, and oriented perpendicular to the
direction of stretching (B). The effects of stretching were abolished by the addition of Gd** into the culture
media (D). Bidirectional arrows in B and D indicate the direction of stretching. Bar = 50 ym.

WO FRREPBEINLD 2 EET L L, RE
Broo Mgl JEERN 2 b D & 13#E 212 £, NCX1
mRNA ¥ EHIE 7 + 7 — FE— Mt () %
FlaEzThnsEzoNs. BfE, NCX1 ORI
EH| (KB-R7943) MFH SN, IS #EAIT LD TV 5.
KB-R7M43 I NCX1 D Ca®> DY IN—ZAFE— FOAZ[H
ES UM H 57, KB-R7943 % M\ 72 Ei% 47 213,
MBS R O FRIGIC £ B Ca®" A oWz R 12D
WTX)EIC RS L EbNS.

A= VR EEMET S Str. B2 TR L,
Sha. FEIZBWTH NCX1 mRNA FEHPENITBIE I N
7o, BIHAIRE W BIEERARIC BT, BRI
WIS L7z NCX1 58 HUIZE H Laiii5id v, ARSEER
IZBWT, Sha HICBU LIRS NIA D =X
DEIAATH 505, BZHL I T—=F VPN %
KRBT 22 LT, FIVEMOMIBIZT VIS)) (shear
stress) AHEZ DB L 72D TIEHR\WEA 9 ).

Fig. 4 BX U5 II/R LAz X 912, Str. FETIIAE A
BHTNIS LEMICESIL, F-7 27 F Yoo —5
I V7 7 ug YRR TIREOEAIER ISR B S
7o, ZOMIIZES X ML EE OB LIZ BRI

BWTHEBINTWS. Naruse bid74 70t 275
Y Ca—bL72Y Y 3 R CIE BN & H v
AL 72858, 1IN T Ca? oM E5 & 2 B
R IHILEE T OZALA UG F 0 4 RERCHETgICELS] L
2L HE? LTwd, SN MER 3 HHOBET,
MIMLIERE S X OIS EA& DZALICEE U CHLEE 28R L I
BENCKRERTNAD D5, HAr RO EEZEZ
EnD, BRI & MR BRI R R b Z &
MRS Nz BRI 9N E U2 B IIEAHTH %
A, YV AVREEOBBERIIN LTI T TV
&9 3WICHIBREE L MRS A MR oMb ) o
BEWAEG L TWAEDTIRRWEA ). L LA,
HIRLIERE 72 & DTN D FF DS & D X 9 7 Bk TR
ENTVBRPIZOWTIE, FE i .
BEMURI Z V72 EBRRICBW T A v T4
T SAF ¥ ANVD Ca ¥ 7 F WVAEERITH T 5 %EH
FRE W, SAF v A VIHEETD L G ORFFRE~
DTN BTN L 5l & 2 ShzMEA~D
Ca®* DM AZRRMICHET 5. EFE, BRPBIL-
THEHALENBE A THA v v/ E LTHEALEIR
TRP F ¥ A VB2 PEHENTWE, O T 773
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B str. + Gd3*

Fig.5 Osteoblastic cells (MC3T3E-1 cell) embedded
in collagen gel matrix were photographed
using a confocal laser scanning microscope
after three days of culturing. Actin structure
was visualized by staining with rhodamine-
phalloidin. The pictures are z-stacks made of
ten sequential images taken at 2.0 ym intervals
in each group. The cells in the stretched group
(Str.) were long and slender, and showed very
strong fluorescent intensity (A). Despite the
presence of stretching, morphological changes
in the cells were not observed when gadolinium
(Gd**) was added into the medium (B), and
the fluorescence intensity was much weaker
compared with that of the stretched group (A).
Bidirectional arrows in B and D indicate the
direction of stretching. Bar =10 um.

) —T&®» 5 TRPV4A2SSA F % ANV L Al—DOWHREM: 23D
5. TRP F % A )Vid 6 MEESHEBEAET L1 4+ >~
FrANVTHY, 6200777 I) =205 TW»
%%, TRPVA IBEMARIEICINE L, G IC X b &

ENBP. X512 TRPVA RIE~ 7 A TlE, FEMFESM
TICEP NS, WEHEZ 25 TR AR5 WU

P S oz Zehn, BBMTEIEE SRHO
MGACE R BRER S L L EbNRE. wWFIILTD,
Str. HETOMBIEREB L F-7 7 F ¥ OELD G 12
JOHEINZEEFC' 2NV FAvEY VX —
& L7MIBBN > 7 F AR ERERE oW % Gd®* 258l
MLz EZ2D. 2F) Ca' AT & 4L A b
VA7 7 AN OB B L FHE L T ARk
WH D, GFHOFRTIEIMERBIC LY NCXI FHLA
BEE 72D, FORBMNSA F X AV L2 00
HDHVIGEH L7 L0, AATHE. S, TO
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HEWHLPICT2LEND 5.

LI 12DV T FIUREE LTEZOLNS D DIES
GFTHEA T v EEGAEZESEE (FAK &)
MOEDYTFNMEEND L. ERNHERICEY S V77
VY oafs DEBERINT 2%®G0H 547, Lrl,
DAT=F VN IRIEERIETE, A7 70>
B DRAEIARERTIEIAHBETH -7z (77— 7 K.
3WICEBE TN HEAE T HLES Lo, FB
BHZ N Twrordmniw. T2, MEEOH
HICHT %823 %5 Rho 77 3 — (Rho, Rac) 12
DWT H REBEIRZE V. Rho-ROCK ¥ 7" F VR OTF
284 FEI 2 AT ASHED SN TH D, B X 5
MRS A DRI WEDON T TH D EE 2D, 5
OWFEHEL LTEETH Y, MiITL2FETH 5.

L OFERD S, I TR A R R X %
MBI E L LT, XDERISEVWERETTHS 3K
TR EEZICBW CHRE S OZLE F-7 27 F » Ol
WEALA RSN, &S TEMMRIEC X NCX1 %
9 % Ca®* O AR 2 G b L7, £/2SAF
AEHALIZ F-7 7 F v of 2 bzl &2 L, M
W RE 2 2L S5 2 EAVRIBR S N7,

X 73
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Effects of Mechanical Stimulation on the Expression of Na*/Ca®" Exchanger mRNA
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Abstract : It is well known that the application of physiological mechanical stress to skeletal tissue
is important in regulating bone remodeling and modeling. The aim of this study is to examine the
expression of Na*/Ca®" exchanger (NCX1) mRNA and the activation of stretch-activated (SA) Ca?*
channels when three-dimensional strain is applied to osteoblast-like cells (MC3T3-E1 cell). The cells
were mixed with collagen solution at a cell density of 6 X 10° cells/ml and layered on nylon mesh, then
pre-incubated in « MEM containing 10% fetal bovine serum. After 24 hours of pre-incubation, cells in
the collagen gel were incubated for up to three days with or without intermittent mechanical stimulation
(1 Hz, 10% stretch, 15 min, three times a day) in the presence or absence of Gd**, an inhibitor of
SA channel. The expression of NCX1 mRNA was assessed using RT-PCR, and cells were examined
using a confocal laser microscope after visualizing actin filaments using rhodamine-phalloidin staining.
Accelerated NCX1 mRNA expression was observed in the stretched cells. The mechanical strain also
caused the cells to change shape and orient perpendicular to the direction of stretching. Consistent with
the morphological changes of the cells, strong intensity of the staining for actin filaments was observed
in the stretched group, which was abolished by the addition of Gd**. Our results suggest that the
mechanical strain induces the Ca®>* influx through activation of the SA channel and NCX1 resulting in
the morphological changes in osteoblastic cells.

Key words : mechanical stimulation, osteoblast, Na*/Ca?* exchanger, stretch-activated (SA) channel,
three-dimensional strain.



